In this study, magnetorheological elastomers (MREs) based on iron sand and natural rubber were prepared. The Taguchi method was employed to investigate the effect of a number of factors, namely, iron sand content, iron sand particle size and applied magnetic field during curing on tan δ and energy dissipated during cyclic loading. Tan δ was measured through dynamic mechanical analysis (DMA) over a range of frequency (0.01-130Hz), strain amplitude (0.1-4.5%), and temperature (-100-50 °C). Energy dissipated was measured using a universal tester under cyclic tensile loading. The data were then statistically analysed to predict the optimal combination of factors and finally experiments were conducted for verification. It was found that the iron sand content had the greatest influence on tan δ when measured over a range of frequency as well as
INTRODUCTION
Material with high damping capability is desired from the viewpoint of vibration suppression in structures. Rubber is by far the most commonly used material for damping; here damping relies on the energy absorbed due to viscous flow that occurs during deformation in this viscoelastic material. However, enhancement of damping through rubber modification or rubber selection to increase viscous flow, not surprisingly, generally results in reduction in stiffness and strength 1 . More recently, magnetorheological elastomers (MREs) have been developed such that inclusion of magnetic particles in rubber enables additional damping through magnetic interaction between neighbouring magnetic particles and interfacial damping between the particles and the rubber matrix. Furthermore, damping and stiffness can be varied by application of an applied magnetic field during fabrication or in service. MREs are often referred to as the solid analog of previously developed magnetorheological fluids (MRFs) used in damping of automotive suspensions. In MRFs, magnetic particles are contained within an oil. The main advantage of MREs over MRFs is that particle sedimentation is overcome. Moreover, MREs do not need containers or seals to hold the fluid or prevent leakage 2 . MREs can be utilised for damping, either alone or within a composite structures such as those including steel plates.
MREs can be fabricated to contain a uniform suspension of magnetic particles (isotropic MREs). However, it has been found that when a magnetic field is applied during curing, chainlike structures of magnetic particles are formed within the rubber (which become anisotropic MREs) which provides much larger damping and stiffness 3 . Figure 1 shows structure of isotropic and anisotropic MREs. Formation of such chain-like structures relies on the mechanism such that when individual particles are exposed to an applied magnetic field, magnetic dipole moments pointing along the field direction are induced within them. A magnetic force will cause the north pole of one particle to attract the south pole of its neighbour resulting in formation of chains and columnar structures inside the matrix. Upon curing the matrix, the particle structure is set in place 4 .
The magnetic particles of choice for MREs are iron particles and suitable matrix materials include natural rubber, silicone rubber, polybutadiene, polyisobutylene, polyisoprene, and polyurethene rubber 3, [5] [6] [7] [8] [9] [10] . These materials are nonmagnetic viscoelastic materials into which the magnetic particles can be added and subsequently processed into a final solid form through conventional rubber or plastic processing [11] [12] [13] . Recent work has focused on carbonyl iron and natural rubber MRE because of their associated ease of processing and good damping performance [14] [15] [16] . However, one of the biggest challenges in developing MREs is cost. Carbonyl iron particles, the most commonly used particles, are expensive at $13-15/kg in bulk. More cheaply produced iron particles, iron oxide (Fe3O4) and barium ferrite (BaFe12O19) tend to be irregular in shape, have wider size distributions, and simply do not perform as well 17, 18 . Some iron alloy particles actually perform better than carbonyl iron, but are significantly more expensive 19 . It is apparent that more applications would quickly become commercially viable if the material cost could be reduced.
This work aims to fabricate iron sand and natural rubber MREs. Iron sand was chosen because it has high permeability and saturation magnetisation, low cost, and is readily available in New Zealand. It is derived from erosion of andesitic and rhyolitic volcanic rocks which are the main types of iron ore deposits in New Zealand. Iron sand is a dark, high-density sand that occurs along the west coast of the North Island from Wanganui to Kaipara Harbour near Auckland, over a distance of 480 km. It contains titanomagnetite, a mineral itself containing iron and titanium, which is highly magnetic 20, 21 .
The conventional approach of experimental design such that one factor is varied while keeping the remaining factors constant is expensive and time-consuming. Hence, several Design of Experiment (DOE) methods have been developed which can reduce the number of experiments, time, and cost required to model the response function 22 . Among them, the Taguchi method has had great success in designing and optimising the controllable factors to achieve a high quality product or process 23, 24 . This method has been used successfully, for example, to optimise the processing conditions and chemical formulation in rubber 25, 26 . As far as the authors are aware, there is no published analysis of the factors effecting the dynamic properties of MREs using the Taguchi method. In this study, the loss tangent, commonly called tan δ, is considered as the fundamental parameter to assess damping. Tan δ gives a comparison of the energy lost to that stored; it is obtained by dividing the loss modulus (G′′ or E′′) by the storage modulus (G′ or E′)
1 .
Yet, another estimate of damping used in the literature is the amount of energy dissipated during cyclic deformation, which can be calculated from the area of the hysteresis loop. In the next section the Taguchi method is briefly reviewed. Then, the experimental methods used to fabricate the MREs, the factors investigated and the characterisation methods are described. This is followed by a presentation of the results and discussion. Finally, the conclusions are summarised and some finding remarks made.
The Taguchi Method
The Taguchi method, pioneered by Genichi Taguchi, provides a simple, efficient, and systematic approach to study the effects of multiple variables by identifying the performance trend for each factor and determining the combination that yields optimum conditions.
The Taguchi method generally includes the following steps: (1) identification of the factors and their levels; (2) selection of an appropriate orthogonal array (OA) and assignment of the factors and levels to the OA; (3) conducting of the experiment; (4) analysis of experimental data and determination of the optimal levels; (5) verification of the optimum design factors through experiment.
The key component in designing the experiment is the identification of factors and their levels. With the finalised factors and levels, the Taguchi method makes use of an OA for experimental design. The Taguchi method allows for 18 different standards of OAs and the details of OA selection are published in references 24, 27 . After OA selection, experiments are carried out and results can then be analysed using signal-to-noise (S/N) ratio to determine the effect of each factor and the level that maximizes the performance. The S/N ratio can be divided into three categories depending on the desired output performance: nominal (used where a target value is desired), smaller-the-better and larger-the-better, for which Equations 1, 2 and 3 are used respectively to determine S/N:
=0
(1)
where M is the average of observed data, n is the number of observation, i is the level and Yi is the observed data at level i. Another function of S/N is that it is able to determine the ranking of factors by calculating the average effect of a factor at a level. This is given by simple statistical calculation as follows
where Aj is the average for factor j , (S/N)i represents the S/N observation of a factor at level i,
and n represents the total number of observations for that factor. By plotting the average factor effect against the corresponding factor level, a main effect plot is obtained and the trend of the influence of each factor on the results is extracted. The relative effects of factors affecting the response can be calculated by analysis of variance (ANOVA). ANOVA is a powerful statistical analysis tool that can be used in the Taguchi method to determine statistically significant factors and to explore the relative contribution of each factor and level to the total variation. ANOVA provides information on sum of squares, degrees of freedom, percentage confidence level and percentage contribution. The sum of squares is a measure of the total variability of observed data.
The sum of squares is defined as
where SS is the sum of squares, n is the number of observations, a is the factor, Xa is the sum of observed data at factor a, T = Σ Xa is the sum of all data and N is the total number of data points.
The degrees of freedom represents the number of levels for each factor that may vary independently and equals the number of levels of each factor minus one. The percentage confidence level represents the probability of the occurrence and the reliability of the data. The percentage contribution can is given by
where SSa is the sum of squares of factor a and SST is the total sum of squares. With S/N ratio and ANOVA analyses, the optimal combination of the factors can be predicted and finally, an experiment can be conducted to verify the optimal factors.
METHOD AND SAMPLE PREPARATION

Materials
A fixed masterbatch formulation for rubber was used in this study (Table 1) . Natural rubber (SMR L grade) and other chemicals including zinc oxide, stearic acid, n-cyclohexyl-2-benzothiazole sulfenamide (CBS), tetramethylthiuram disulphide (TMTD), paraffin oil, and naphthenic oil were all purchased from Field Rubber Limited, Auckland. Iron sand was collected from Ngarunui Beach, Raglan. The iron sand was then milled using a planetary mono mill (Pulverisette 6) produced by Fristech GmbH and subsequently sieved to obtain a wide range of particle size fractions.
Experimental Design
Selection of factors and levels
In this study, three factors were considered: iron sand content, particle size and applied magnetic field during curing. These factors were varied at five levels as shown in Table 2 , based on the existing literature 3, 4, 9, 14, 16 .
Selection of orthogonal array and analysis of data
Given the three factors and five levels considered in this study, an L25 orthogonal array (OA) was selected for the Taguchi method. The L25 OA is shown in Table 3 and consists of 25 experiments corresponding to 25 rows and three design factors assigned to the respective columns along with their levels. Analysis of the S/N ratio was subsequently used to evaluate the experimental results. In the present study, since the tan δ and amount of energy dissipated (hysteresis tests) were intended to be maximized, the larger-the-better target for S/N ratio was chosen. Analysis of variance (ANOVA) was used to statistically assess the percentage contribution and relationship between each factor. ANOVA was performed by using STATISTICA software.
Preparation of iron sand-natural rubber MREs
Formulations were determined according to the OA and were compounded using a conventional under an external magnetic field of the same strength as that used during pre-curing. The postcure treatment is necessary to reorientate the magnetic dipoles orientation after being exposed to the compression stress during compression moulding.
Characterisation
Dynamic mechanical analysis
Dynamic mechanical analysis was carried out using a Perkin Elmer Dynamic Mechanical
Analyser (DMA 8000). Tan δ was measured over a wide range of frequency, strain amplitude and temperature. The influence of frequency and strain amplitude on tan δ was assessed using two circular disc specimens with a diameter of 10mm and a thickness of 3mm in shear mode at room temperature. Tan δ was measured over the frequency range of 0.01-130 Hz at a fixed strain amplitude of 0.5% and over a strain amplitude range of 0.1-4.5% at a fixed frequency of 100Hz.
For the influence of temperature on tan δ, the samples were analysed in dual cantilever mode at a frequency of 1 Hz, with a strain amplitude of 0.5% and over a temperature range from -100 -50 °C. The samples were then heated at rate of 2 ºC/min. The samples were rectangular with dimensions 30 mm ×6 mm ×3 mm.
Hysteresis
Hysteresis loss is defined as the amount of energy dissipated during cyclic deformation when the samples are stretched and then allowed to retract at the same rate to the unstretched state. In this study, the hysteresis loss was determined on tensile dumbbells using an Instron 4204 at a crosshead speed of 500mm/min according to ASTM D412-80. The stress-strain curve was recorded and hysteresis loss was calculated as
Hysteresis loss = Area under the loading curve -Area under the recovery curve (7)
Morphology
The microstructures of isotropic and anisotropic MREs were observed using a Hitachi S-4700 scanning electron microscope (SEM). The samples were cut into pieces with a surface area of 5mm × 3mm and coated with a thin layer of platinum prior to observation at an accelerating voltage of 20kV.
RESULTS AND DISCUSSION
The trends obtained in this work were similar to typical trends in previous works for the influence of frequency 14, 29, 30 , strain amplitude 16, 31 and temperature 32, 33 on tan δ as well as the hysteresis loop obtained after a complete reversed stress cycle 34, 35 . In order to calculate the optimum levels for the different factors using S/N ratio and ANOVA, reference points for tan δ were selected. For optimising tan δ over a range of frequency of 0.01-130 Hz, the maximum value of tan δ was taken as the reference point, which was consistently observed at 130 Hz (the maximum frequency applied). For optimising tan δ over a range of strain amplitude (0.1-4.5%), the reference point was chosen to be within the plateau region at 3% strain amplitude. With respect to choosing a reference point over a range of temperature, attention was given to the peak of the curve of tan δ versus temperature which represents the glass transition temperature (Tg) where the material undergoes drastic changes in the mechanical energy of the molecular vibrational motion.
Addition of particulate fillers into rubber is generally not expected to change the temperature at which tan δ reaches a peak. What is commonly apparent, however, is broadening of the transition region after Tg to the plateau region 32, 36 . In this study, Tg of natural rubber is -47 °C and the transition region after Tg to the plateau region was observed at -47-0 °C. To reflect the broadening of the peak, a reference point for tan δ was selected at -35 °C. In hysteresis testing, the amount of energy dissipated was calculated from the area of the hysteresis loop. Table 4 shows the values of tan δ and hysteresis loss obtained for these reference points that were subsequently used to obvious gaps between iron sand particle and rubber, which suggests weak interaction between iron sand and rubber.
Effect of frequency on tan δ
The trends for influence of frequency on tan δ when the factors were varied over their different levels are shown on the main effect plots in Figure 4 . As discussed earlier, the higher the value of the S/N ratio, the better the signal, which implied that the highest value in the main effect plots can be used as the conditions to attain optimised tan δ. The S/N ratio increases with increasing iron sand content until it reaches a maximum value at 70 phr and thereafter decreases at the highest iron sand content (100 phr). The increase of S/N ratio with increasing iron sand content can be explained by the increase in energy absorbed due to interfacial friction caused by the increase in interfacial area with increase in iron sand content. The decrease in S/N ratio at the highest iron sand content can be explained by poor dispersion of iron sand particles due to the insufficient amounts of rubber matrix to wet the iron sand thoroughly. Similar findings have been observed in other studies 15, 37 . From Figures 4 (b) and (c), it can be seen that the particle size and magnetic field had a minimal influences on S/N ratio but the S/N ratios at 45-56µm and 300
mT are the highest. The minimal influence of magnetic field on S/N ratios would appear to be due to minimal increase of particle separation as the test was performed at a low fixed strain amplitude (0.5%) in shear mode such that particle chains would generally rotate rather than extend. The results suggest that the highest value for tan δ might be obtained by using 70 phr iron sand, a 45-56 µm particle size and a 300 mT magnetic field during curing. Table 5 shows ANOVA results for the effect of frequency on tan δ. It can be seen from the level of contribution that iron sand content has the greatest influence on tan δ with a 99.9% confidence level. The particle size and magnetic field show much less influence (lower % contribution) with confidence levels of 99% and 97%, respectively.
The final and essential step to complete the Taguchi analysis, namely conducting an experiment to verify the suggested optimum conditions, was carried out using optimised conditions (70 phr iron sand, 45-56 µm particle size and 300 mT) and the value of tan δ found (0.22) was indeed higher than the highest value achieved previously (0.171 for sample type 15).
This supports the optimum conditions suggested by S/N ratio and ANOVA. The variation of tan δ with frequency is shown in Figure 5a . Tan δ is higher for the optimised sample over the whole frequency range explored. G′ and G′′ are also plotted in Figure 5 (b and c) to help highlight the mechanisms involved. G′ and G′′, similar to tan δ are frequency dependent and it can be seen that the increase of tan δ as the frequency increases is mainly due to increasing in G′′ as opposed to G′. The increase in G′′ can again be explained by the increased energy loss due to the increase of interfacial friction between the iron sand and rubber with increasing frequency.
Effect of strain amplitude on tan δ Figure 6 shows the main effect plots of the S/N ratios for the influence of strain amplitude on tan δ. The highest S/N ratios are observed at 30 phr iron sand content, 56-75 µm particle size and 500 mT magnetic field during curing. However, no obvious trend of the S/N ratios is seen for any factor as the level changes. This could be attributed to the poor bonding between iron sand and rubber as supported by morphology. This is in agreement with the results reported by other researchers 37 . The weak interaction between the iron sand and natural rubber is fully disrupted at low strain amplitude and therefore, at high strain amplitude, the damping is dominated by the viscous flow of the rubber matrix. As is the case for the selected reference point (3% strain amplitude) here, it should also be noted that the suggested optimum conditions are different compared with the optimum conditions for the effect of frequency on tan δ (70 phr, 45-56 μm, 300 mT). A lower optimum iron sand content (30phr) supports that at the reference point for the experiment on effect of strain amplitude on tan δ, energy absorbed is more dominated by the viscous flow in rubber matrix. However, the suggested optimum magnetic field is higher, which indicates that formation of longer particle chains opposed the higher shearing force with increasing strain amplitudes such that the particle chain orientation changes and transform elastic energy into magnetic energy, which then dissipates by magnetic hysteresis 6, 38 . Table 6 shows ANOVA results for the effect of strain amplitude on tan δ. Also seen that the variability for each factor was tested at 99.9% confidence level. None of the factors have a significant influence on tan δ and hence the percentage contribution is approximately the same for each factor.
As expected, an experiment using optimised conditions (30 phr iron sand content, 56-75 µm particle size and 500 mT) results in slightly higher value of tan δ (0.160) compared with the highest achieved previously (0.155 for sample type 15). Figure 7 shows tan δ, the storage modulus (G′) and the loss modulus (G′′) of the optimised sample and sample type 15 over a range of strain amplitude (0.1-4.5%). It was found that tan δ and G′ were amplitude dependent at low strain amplitudes reaching a plateau at about 1% strain amplitude. The amplitude dependence at low strain is typically attributed to the Payne effect 39 . This effect is frequently explained by the breakdown of filler aggregates to release trapped rubber to allow more viscous flow, separation of dipole-dipole interaction between neighbouring particle and filler rubber detachment and reformation that increases with increasing strain amplitude. Once the strain amplitude is high enough, all the interactions are destroyed to such an extent that it cannot be reconstructed and the Payne effect diminishes. Consequently, the energy loss is largely reliant on the rubber matrix.
Effect of temperature on tan δ
The main effect plots of the S/N ratios for influence of temperature on tan δ are depicted in Figure 8 . The Taguchi method suggests that an optimised value for tan δ could be obtained by using 30 phr of iron sand content, a 32-45 µm of particle size and a 1000 mT magnetic field during curing. As can be seen from Figure 8 (a), S/N ratios of the filled compounds are higher compared to those of the unfilled compound. Addition of iron sand has constrained rubber chains and therefore increased the temperature required for their mobility, thus increasing relaxation at the reference temperature 36 . From Figure 8 (b), it can be seen that the S/N ratios decrease with increasing particle size, which is likely to be due to the decrease of surface area of iron sand adhered to rubber. In Figure 8 (c), the S/N ratio increases with increasing magnetic field until it reaches a maximum at 1000 mT. This indicates that the formation of magnetic particle chains and columnar structures provides additional damping by further restriction of the intermolecular conformational changes during relaxation, as supported by morphology. As can also be noted, the suggested optimum conditions are different compared with those observed previously for the effect of frequency and strain amplitude on tan δ. As this test was performed in dual cantilever mode at a fixed low frequency (1Hz) and strain amplitude (0.5%) over the temperature range, the deformation of material would be much lower compared with that tested in shear loading.
Therefore, at selected reference point used for this experiment, the additional damping through interfacial friction and magnetic particle interaction would be expected to be much lower. A lower optimum iron sand content (30phr) supports that the damping is largely reliant on the intermolecular relaxation of the rubber matrix. However, the suggested optimum magnetic field at 1000mT suggests that the energy absorbed by formation of longer particles chains would not be due to separation of dipole-dipole interaction, perhaps the longer particle chains provide additional damping by further restriction of the intermolecular conformational changes during relaxation. Table 7 shows ANOVA results for the effect of temperature on tan δ. Iron sand content and magnetic field both show a significant influence on tan δ with confidence levels of 99%. It is also apparent that the particle size has much less influence with less than 10% contribution.
Finally, an experiment was carried out to compare the value of tan δ for the optimised sample (30 phr of iron sand content, 32-45 µm particle size and 1000 mT) with those achieved previously for the sample with the highest value of tan δ in the transition zone (sample type 17).
In addition, unfilled natural rubber was included for comparison (see Figure 9) . The values of tan δ for the optimised sample, sample type 17 and unfilled natural rubber are 1.280, 1.216 and 0.803, respectively. As can also be seen, the tan δ peak of natural rubber is higher compared to the optimised sample and sample type 17. It should be noted, however, that the width of the tan δ peaks for the optimised sample and sample type 17 are wider and tan δ for the optimised sample at -35 o C is the highest. This can again be explained as being due to confinement of molecular chain movement. Since rubber materials are always in practice used in the rubbery phase, the performance and behaviour of the materials in the temperature range after the transition region is more crucial. In the rubbery phase (occurring in the plateau after the peak), it can also be seen that the optimised sample has the largest value of tan δ, followed by sample type 17 and unfilled natural rubber. This is because at higher temperature the thermal energy is comparable to the potential energy barriers for the viscous flow, therefore, interfacial friction, breakdown and reformation of the filler-filler interaction and filler-rubber detachment would be the main causes of damping.
Hysteresis
The main effect plots of the S/N ratios for hysteresis loss are presented in Figure 10 . The relationship between iron sand content and the S/N ratio is approximately linear, with the amount of energy dissipated increasing with iron sand content up to 100 phr. The increase in energy dissipated could be attributed to interfacial friction, breakdown of filler aggregates to release trapped rubber to allow more viscous flow and filler rubber detachment and reformation. From Figure 10 (b) and (c), it can be seen that the particle size and magnetic field have minimal influence on hysteresis loss but the S/N ratios at 45-56µm and 1000 mT are the highest. It is also noted that the suggested optimum conditions to obtain highest hysteresis loss are similar to those for the optimum conditions when assessing influence of frequency on tan δ; the Taguchi method suggests that highest hysteresis loss and tan δ could be obtained by using high iron sand content (100 phr and 70 phr, respectively) with particle size not being greatly influential (although 45-56 µm gave the highest for both hysteresis and tan δ). However, the suggested magnetic field during curing gives a contrary conclusion (1000 mT and 300 mT, respectively for hysteresis and tan δ)
which could be due to the different mode of loading during testing (tensile versus shear). This suggests that energy absorption due to interaction between magnetic particles alignment is less efficient in a tensile mode compare with a shear mode using the DMA, which is not surprising,
given that in tension, it is largely only the spacing increasing between chains, whereas in shear, the spacing within chain between the particles increases (see Figure 11 ). Table 8 shows ANOVA results for hysteresis loss. Confidence levels for all factors are 98% and higher. From the levels of contribution, it can be seen that the most influential factor by far is iron sand content followed by particle size (80.71% and 14.38%, respectively). The influence of magnetic field was much less at 4.91%. Figure 12 shows stress-strain loops of the sample at the suggested optimum conditions (100 phr iron sand, 45-56 µm particle size and 1000 mT) and those for the highest hysteresis loss achieved previously (sample type 23) after a complete reversed stress cycle. As can be seen, the area of the hysteresis loop for the optimised sample is larger than sample type 23. The amount of energy loss for the optimised sample and sample type 23 are 160.96 kJ/m 3 and 154.61 kJ/m dominated by the viscous flow in the rubber phase as reported in the literature 35 . As the strain increases, the cross sectional area of the tested samples reduces and the rubber molecular chains come closer to each other. Under further strain, the chains constrain each other, therefore they slide with respect to each other, resulting in further increased of dissipated energy. Upon removing the load, the rubber molecular chains do not completely regain their original configuration and the energy dissipated would be expected to have been converted into heat 35, 40 .
CONCLUSION
In this work, iron sand and natural rubber MREs were manufactured and experiments were designed using the Taguchi method in order to assess the effect of iron sand content, iron sand particle size, and applied magnetic field during curing on the tan δ (over a wide range of frequency, strain amplitude and temperature) and energy dissipated during cyclic loading. SEM micrographs revealed that isotropic MREs had homogeneous iron sand particle distribution and curing the materials under an applied magnetic field at elevated temperature resulted in the iron sand particles organising into chain-like columnar structures. For the effect of frequency on tan δ, the Taguchi method suggested that the optimum conditions can be obtained by using 70 phr iron sand, a 45-56 µm particle size and a 300 mT magnetic field which was supported by experiment. It was found that iron sand had the greatest influence on tan δ followed by particle size and magnetic field. The suggested optimum conditions to obtain highest hysteresis loss were similar to that for the optimum conditions when assessing influence of frequency on tan δ; the Taguchi method suggests that highest hysteresis loss could be obtained by using 100phr iron sand (slightly different to the 70 phr iron sand for frequency) with particle size not being greatly influential (although 45-56 µm gave the highest for both hysteresis and tan δ). However, the optimum magnetic field during curing is different for maximizing tan δ and hysteresis loss (300 mT and 1000 mT, respectively) which could be due to the different mode of loading during testing (tensile versus shear). For the effect of strain amplitude on tan δ, none of the factors showed significant influence on tan δ over a range of strain amplitude which could be attributed to the poor bonding between iron sand and rubber such that the weak interaction between the iron sand and natural rubber is fully disrupted at low strain amplitude and therefore, at high strain amplitude, the damping is dominated by the viscous flow of the rubber matrix. For the effect of temperature on tan δ, the optimum conditions suggested by the Taguchi method are 30 phr iron sand, a 32-45 µm particle size and a 1000 mT. It was found that addition of iron sand and formation of magnetic particle chains constrained conformational changes of rubber molecular chains from taking part in relaxation process and therefore, increased the temperature at which the molecular chains start to mobilize, such that the width of the peak of tan δ is increased. The different optimum conditions for different tests carried out herein would appear to be due to the relatively different amounts of energy absorbed by different degree that different mechanisms are involved with different loading conditions and at different frequencies and strain amplitudes. Table 5 ANOVA results for the effect of frequency on tan δ Table 6 ANOVA results for the effect of tan δ on strain amplitude Table 7 ANOVA results for effect of temperature on tan δ Table 8 ANOVA results for hysteresis loss (c) Figure 6 Main effect plots for S/N ratio of tan δ at 3% strain amplitude (a) effect of iron sand content, (b) effect of iron sand particle size and (c) effect of magnetic field during curing. 
